INTRODUCTION
============

Urinary bladder cancer (BC) is the tenth most common cancer in the world \[[@B1]\]. The standard treatment for high-risk nonmuscle invasive and localized muscle invasive bladder cancer (MIBC) is radical cystectomy (RC). Several studies have reported that surgical procedures increase the risk of tumor cells entering the bloodstream, which may lead to increased risk of clinical recurrence and metastasis \[[@B2][@B3]\]. Perioperative intervention factors, including anesthesia and drug use, may affect the survival of circulating tumor cells and thus have an impact on tumor outcomes \[[@B4]\]. It is well known that glucocorticoids (GCs) have anti-inflammatory and immunosuppressive effects, which might potentially strengthen the inhibition of perioperative antitumor immunity and facilitate the survival and metastasis of tumor cells \[[@B5][@B6]\]. In addition, recent preclinical studies have found that the activation of GC receptor (GR) is involved in tumorigenesis, metastasis, and chemoresistance of breast cancer \[[@B7][@B8]\]. Moreover, GR activation is also considered to be one of the mechanisms of antiandrogen receptor therapy resistance in prostate cancer \[[@B9]\]. These results suggest that GCs potentially increase heterogeneity and metastasis. GCs are commonly used in anesthetic practice for prophylaxis against postoperative nausea and vomiting, and they can also be used to prevent allergies before transfusion. Despite their widespread use, few clinical studies have evaluated the effects of perioperative GCs on oncological outcomes, and the results obtained are conflicting.

Although RC for BC combined with postoperative adjuvant therapy for MIBC has been performed, long-term clinical outcomes after surgery are not satisfactory, and the 5-year overall survival (OS) is only approximately 50% \[[@B10]\]. Morbidity and mortality associated with BC are mainly caused by distant metastases \[[@B11][@B12]\]. Therefore, it is necessary to investigate follow-up data on patients undergoing radical surgery for BC to define the association between perioperative administration of systemic GCs and oncological outcomes.

MATERIALS AND METHODS
=====================

1. Study population
-------------------

This study was approved by the Institutional Review Board of Shanghai Tenth People\'s Hospital (approval number: SHSY-IEC-4.1/19-120/01). Written informed consent was obtained from all the enrolled patients prior to treatment. A total of 248 patients with Ta-T4 stage urothelial carcinoma, who underwent RC between January 2009 and October 2018 at the Shanghai Tenth People\'s Hospital, were retrospectively evaluated in the study. The exclusion criteria were incomplete clinical data, lost to follow-up, having two concomitant tumors, nontransitional cell carcinoma, and preoperative distal metastases. Clinical and pathological data were collected from medical records. Patient characteristics included age and sex, history of hypertension and diabetes, history of postoperative bladder instillation, TNM staging, differential grading, number of tumors, size of the largest tumor, and the presence of coexisting carcinoma *in situ* (CIS).

Metastasis-free survival (MFS) was calculated as the period from the date of operation to the date of distant metastasis or death from tumor. OS was calculated as the period from the date of operation to the date of death from any cause. Inpatient medical records and anesthesia notes were evaluated, and patients who had been given intravenous GCs postoperatively and/or intraoperatively were assigned to the GC group. Reasons for patients receiving GCs perioperatively included intraoperative administration for nausea and vomiting, blood transfusion, allergy, and high fever. Perioperative period is defined as from one week before surgery to two weeks after surgery. The patients were usually given 5 or 10 mg of dexamethasone sodium phosphate injection or 40 mg of methylprednisolone sodium succinate for injection, as required for clinical treatment.

2. Statistical analyses
-----------------------

Patients who received GC and those who did not were compared using Student\'s t-test for continuous variables and the chi-square test for categorical variables. All p-values less than 0.05 were considered statistically significant. Kaplan--Meier survival analysis and the log-rank test were used to evaluate the univariate associations between GC usage and survival outcomes. Univariate Cox regression analysis was used to screen potential risk factors associated with metastasis and mortality after BC surgery. Variables that were introduced in multivariate analysis were those that were associated (p\<0.05) with MFS or OS in univariate analyses. A multivariate analysis using Cox regression models was used to determine the association between potential risk factors and survival. We also performed a correlation analysis to estimate the correlation between GC and blood transfusion. Propensity score matching was used to further evaluate the relationship between GC and MFS in the nontransfusion subgroup. Variables were adjusted to factors including all baseline parameters, and the score was calculated with logistic regression analysis. A maximize execution performance algorithm was used to identify the optimally matched groups with a match tolerance of 0.1 during matching similar propensity scores. All statistical analyses were conducted with IBM SPSS Statistics version 24.0 (IBM Corp., Armonk, NY, USA).

RESULTS
=======

According to the inclusion and exclusion criteria, 185 patients were included in the study ([Fig. 1](#F1){ref-type="fig"}). These 185 patients included 24 females and 161 males, with a mean age of 66.9 years (range, 32 to 87 years). During the perioperative period, 76 patients received GCs. Of these 76 patients, 58 patients received GCs intraoperatively. Twelve patients were administered 10 mg, 54 patients were administered 10 to 20 mg, and 10 patients were administered more than 20 mg GCs. The clinicopathological baseline data of the two groups are shown in [Table 1](#T1){ref-type="table"}. There were no significant differences in clinical parameters between the two groups, except for tumor number and blood transfusion rate (p=0.028 and p\<0.001, respectively). Correlation analysis showed a significant association between GC usage and blood transfusions (r=0.604, p\<0.001) ([Supplementary Table 1](#S1){ref-type="supplementary-material"}). The overall metastasis rate was 33.5% (62/185), and patients who received GCs had higher risk of metastasis than those who did not (50.0% \[38/76\] vs. 22.0% \[24/109\], p\<0.001).

1. The impact of GCs on survival in BC surgery
----------------------------------------------

The median follow-up time was 2 (interquartile range, 1.0--4.2) years. Kaplan--Meier survival analysis showed that GCs significantly increased the risk of metastasis for MFS in BC (p=0.008) ([Fig. 2A](#F2){ref-type="fig"}), but not for OS (p=0.449) ([Fig. 2B](#F2){ref-type="fig"}). In univariate analyses, GCs (hazard ratio \[HR\], 1.980; 95% confidence interval \[CI\], 1.181--3.321; p=0.010) as well as age, T stage, nodal status, and blood transfusion were associated with MFS ([Table 2](#T2){ref-type="table"}). However, GCs showed no significant association with OS (HR, 1.185; 95% CI, 0.721--1.946; p=0.503). In addition, according to the dose of perioperative GCs, GCs (HR, 1.274; 95% CI, 1.006--1.612; p=0.044) was also associated with MFS, but not for OS (HR, 1.053; 95% CI, 0.831--1.334; p=0.672). Furthermore, multivariate analyses were used to assess the association between perioperative GC administration and MFS. The results, however, revealed no association between perioperative GC use and MFS (HR, 1.462; 95% CI, 0.754--2.836; p=0.261) even after adjusting for age, T stage, nodal status, and blood transfusion. Interestingly, when the variable of blood transfusion was excluded from the multivariate analysis model, we found that patients receiving GCs were independently associated with worse MFS (HR, 1.790; 95% CI, 1.058--3.028; p=0.030). Again, when the variable of receiving GCs was excluded from the multivariate analysis model, we found that patients receiving blood transfusion were independently associated with worse MFS (HR, 1.751; 95% CI, 1.036--2.960; p=0.036) ([Table 3](#T3){ref-type="table"}). Furthermore, the multivariate analysis model showed no significant association between GCs and OS (HR, 0.646; 95% CI, 0.344--1.211; p=0.173). Age, nodal status, and perioperative blood transfusion were significantly associated with OS (p\<0.05). When the variable of blood transfusion was excluded from the multivariate analysis model, GCs did not significantly influence the OS (HR, 0.972; 95% CI, 0.585--1.616; p=0.914).

2. Subgroup analyses for association between GCs and MFS in the nontransfusion subgroup
---------------------------------------------------------------------------------------

There were 103 patients without perioperative blood transfusion. Of these 103 patients, 15 patients received GCs. Propensity score matching was used to further evaluate the relationship between GC and MFS in the nontransfusion subgroup. After matching for all baseline parameters, the subgroup analyses showed no association between dexamethasone administration and OS in the nontransfusion subgroup (p=0.905). However, GCs showed a nonsignificant tendency to increase the risk of metastasis in BC (HR, 2.509; 95% CI, 0.725--8.683; p=0.132) ([Fig. 2C](#F2){ref-type="fig"}).

DISCUSSION
==========

In the present study, we found that perioperative GC may potentially increase the risk of metastasis of patients after BC surgery. First, our results showed that the GC group had a significantly higher percentage of patients who received blood transfusion. Furthermore, we found a significant positive correlation between the use of GC and blood transfusion. Next, the results of the Kaplan-Meier survival and univariate analyses suggested that patients receiving GCs were associated with worse MFS, but not with OS, which may be attributed to nontumor causes of death after cancer surgery. However, after adjusting for all risk factors, including blood transfusion, the results of the multivariate analysis revealed no association between perioperative GC use and MFS. The overall Cox model also showed a similar result for blood transfusion, which is inconsistent with published literature \[[@B13][@B14]\]. Considering the significant positive correlation between GC and blood transfusion, we speculate that two prognostic factors may interfere with each other in the prognostic analysis. There may be a mutual relationship between the influence of GC and blood transfusion on MFS in the multivariate analysis model. Therefore, when the variable of blood transfusion or GCs was excluded from the multivariate analysis model, we found that patients receiving GCs or blood transfusion were independently associated with worse MFS. After matching for all baseline parameters using the propensity score matching method in the nontransfusion subgroup, GCs showed a nonsignificant tendency to increase the risk of metastasis in BC. To the best of our knowledge, the present study is the first to investigate the effect of perioperative GCs on postoperative metastasis and mortality in patients with BC, and we found that perioperative GCs might have an increased risk of distant metastasis; this finding suggests that GC should be used with caution in perioperative morbidity management in patients undergoing BC surgery. For patients with nausea and vomiting, allergies, fever, and a need for blood transfusion, alternative drugs such as central antiemetics, nonsteroidal antipyretics, and antiallergic H1 blockers can be used.

Dexamethasone is an effective and widely used GC that is administered perioperatively to improve the quality of recovery after surgery. However, dexamethasone can also induce immunosuppression and may cause tumor cells to escape immune surveillance. From this perspective, it is very important to investigate the effects of perioperative dexamethasone administration on postoperative oncologic outcomes in patients who are already immunocompromised due to the perioperative environment. A retrospective study of 515 patients who underwent colon cancer surgery found that patients with low-dose dexamethasone during the perioperative period had a higher risk of recurrence, and in the nontransfusion subgroup, GC remained as an independent risk factor for recurrence and OS \[[@B15]\]. Moreover, a previous randomized clinical trial found that preoperative single-dose dexamethasone use potentially increased the risk of distant recurrence in patients undergoing colon cancer surgery \[[@B16]\]. On the other hand, given the putative immunosuppressive and antitumor effects, several recent studies have investigated the association between the intraoperative use of dexamethasone and survival after cancer surgery. In patients who underwent non-small cell lung cancer surgery, the intraoperative use of dexamethasone was not significantly associated with recurrence-free survival and OS \[[@B17]\]. In female patients with ovarian cancer, intraoperative dexamethasone administration did not affect postoperative survival; in contrast, perioperative dexamethasone administration was associated with longer survival after pancreatic cancer surgery \[[@B18][@B19]\]. A recent retrospective study of 2,623 patients who underwent breast cancer surgery showed that a perioperative single dose of dexamethasone did not significantly increase recurrence or mortality of patients with breast cancer. Subgroup analyses, however, revealed that dexamethasone showed a significant tendency to increase postoperative mortality in patients with progesterone receptor-positive breast cancer. Moreover, dexamethasone was significantly associated with the risk of recurrence in TNM stage I of breast cancer \[[@B20]\]. These studies suggest that GCs may play different roles in postoperative tumor survival for different tumor types and specific subpopulations of certain tumors.

In a population-based case-control study that included 786 BC cases and 1,083 controls, the results showed that systemic use of GCs was associated with an increased risk of BC; a further subgroup analysis showed that GC use was significantly associated with more advanced disease stage and grade and higher odds of having TP53 high-intensity stained tumors. It is well known that surgical procedures increase the probability of tumor cells entering the bloodstream \[[@B21]\]. At the same time, the stress response caused by surgery can lead to changes in the body\'s immunological, endocrinological, and hematological systems, which may facilitate the proliferation and customization of tumor cells \[[@B22]\]. GCs are widely used for the treatment of perioperative complications because the GC receptor mediates the effects of stress hormones. GC shows both indirect and direct effects on tumor cells. On the one hand, pharmacological properties of dexamethasone itself, such as immunosuppression and anti-inflammatory properties, may indirectly contribute to the survival of tumor cells \[[@B23]\]. On the other hand, previous studies have shown that GCs can directly inhibit the proliferation, invasion, and migration of tumor cells, such as colon cancer cells and breast cancer cells \[[@B24][@B25]\]. However, other preclinical research studies have demonstrated that GCs *in vitro* can promote the proliferation of breast cancer cells \[[@B8]\], oral carcinoma cells \[[@B26]\], and prostate cancer cells \[[@B27]\]. The underlying molecular mechanisms by which GCs affect BC through the GR pathway, however, remain poorly understood. In particular, it is notable that GCs have been shown to strongly inhibit migration and invasion of BC cells, but promote cell proliferation and reduce apoptosis \[[@B28]\]. In addition, dexamethasone treatment of mouse fibroblasts has been shown to increase GR beta (GRβ), which is a hormoneinsensitive dominant-negative inhibitor of GC receptor alpha \[[@B29]\]. Furthermore, McBeth et al. \[[@B30]\] found that elevated GRβ promotes migration of human BC cells. Recently, Obradović et al. \[[@B7]\] demonstrated that GCs can promote tumor colonization and metastasis by activating GR signaling pathways in breast cancer. Hence, these results suggest that the association of perioperative GCs with a higher risk of metastasis can possibly be explained by indirect systemic immunosuppression and direct activation of GR signaling pathways in BC.

The present study has several limitations. First, the study is limited by its retrospective nature and selection bias, and the effects of unmeasured confounding variables cannot be excluded. Second, the patients were administered GC during surgery depending on the opinion of the anesthesiologist, and most of them were also given blood transfusion. On the other hand, GC use after surgery might have been influenced by factors such as transfusion and comorbidities that might be considered as sources of bias. Third, this was a single-center study and the follow-up time was not long enough to meet all evaluation endpoints. Therefore, the results must be interpreted with caution.

CONCLUSIONS
===========

Perioperative GCs were associated with a higher rate of distant metastasis in patients undergoing RC for BC. Given a significant positive correlation between perioperative GC and blood transfusion, this finding warrants further investigation in a subgroup of patients without perioperative blood transfusion.
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###### Supplementary Table 1

Univariate and partial correlation coefficients of glucocorticoid with clinicopathologic characteristics

![Flow chart of the study.](icu-61-382-g001){#F1}

![Kaplan--Meier curves for metastasis-free survival (A) and overall survival (B) of 185 patients with bladder cancer undergoing radical cystectomy, stratified through perioperative administration of glucocorticoid (GC). (C) Kaplan--Meier curves for metastasis-free survival of 30 patients with bladder cancer undergoing radical cystectomy in the nontransfusion subgroup after propensity score matching, stratified through perioperative administration of GC.](icu-61-382-g002){#F2}

###### Clinicopathologic characteristics of the study cohort

![](icu-61-382-i001)

Values are presented as mean (range) or number (%).

CIS, carcinoma *in situ*.

^a^Student\'s t-test.

###### Univariate Cox regression analyses for distant MFS and OS
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MFS, metastasis-free survival; OS, overall survival; HR, hazard ratio; CI, confidence interval; CIS, carcinoma *in situ*.

###### Multivariate analysis of clinicopathological factors associated with MFS
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MFS, metastasis-free survival; HR, hazard ratio; CI, confidence interval.
